This study was carried out to investigate the encapsulation of lactic acid in starch matrix for the application into emulsified sausages. For the encapsulation of lactic acid in starch, the extrusion method was applied, by the different extrusion pressure level. The particle size and morphology of lactic acid containing starch granules and the rate of release of lactic acid from those granules were determined by using Mastersizer ® , a scanning electron microscopy, and electrical conductivity. The size varied slightly depending upon the extruder pressure and influenced entrapment efficiency. Lactic acid was released more slowly, when the extruder had fewer holes, which meant higher extrusion pressure, than when the extruder had more holes. Extruder pressure is therefore critical for producing finer granules that can retain lactic acid longer, during the processing of meat products.
Introduction
During the last decade, the consumption of nutritionally enriched products has been increasing, which, along with the demand that such products be functionally enhanced, has led to great interest in encapsulation technology. The objective of encapsulation is to protect fragile substances from high temperatures, light, and other adverse conditions by enveloping those substances with such materials as biodegradable synthetic polymers and natural biopolymers, and thus maintaining the substances in stable and soluble form (Choi et al., 2009; Choi et al., 2010) . Encapsulation techniques have been developed using nano-or micro-technology to keep the encapsulated particles as small as possible, however, its application in meat products has been limited, constrained by disadvantages such as low content of ω-3 fatty acids and by the need to ensure controlled release of acidic compounds. Bolognatype sausages supplemented with pre-emulsified polyunsaturated fatty acid (PUFA) n-3 to obtain the desired microstructure have been evaluated for their sensory attributes (Cáceres et al., 2008) and chicken meat products prepared with fish oil and activated carbon have been evaluated for their physico-chemical characteristics (Park et al., 2002) .
Lactic acid, an essential ingredient of sausages, is particularly critical to the final pH of the product after ripening (Spaziani et al., 2008) . European consumers in the Mediterranean region reject the strong acid flavors associated with quickly ripened sausages and have a predilection for mildly acidic sausages. According to Pérez-Alvarez et al. (1999) , the properties of lactic acid in drycured sausages determine the activity of the microbial flora, which comprises mostly lactic-acid bacteria. Therefore, controlled release of lactic acid during ripening is crucial to obtaining high-quality meat products.
Carbohydrates such as starch or gum are generally added as fillers to increase bulk, to delay drying, to lower formulation costs, to change the texture of the product, and to make the product more stable when frozen (Hong et al., 2008; Totosausa and Pérez-Chabelab, 2009) , and this use of carbohydrates has increased with the development of low-fat meat products (Choi et al., 2008 , Hoe et al., 2006 We encapsulated lactic acid with potato starch using extrusion at different pressures and studied the rate of release of lactic acid from the encapsulated form and the effect of that rate on the pH of the final product.
Materials and Methods

Materials
Lactic acid was purchased from Kanto Chemical Co. Inc. (Japan), commercial-grade potato starch from Cheju Starch (Korea), and monoglyceride, as an emulsifier, from Quest International (The Netherlands). All chemicals were used without further purification. (Table 1) .
Standard curve for the amount of lactic acid as measured by pH The amount of lactic acid was measured by using a pH meter (Corning pH meter 440, USA). Lactic acid solutions of various strengths (0 M to 1 M) were prepared with distilled water to obtain a standard curve for lactic acid concentration and electric conductivity as shown in Fig. 1 and Eq. (1):
where X is the lactic acid concentration (mol) and Y is the electrical conductivity (mV).
Determination of entrapment efficiency (EE)
After entrapping the lactic acid droplets within starch granules during gelatinization, the suspension was centrifuged at 5000 rpm in a test tube (Kubota, Japan). The supernatant was collected and its electrical conductivity was measured using a pH meter. The pellet was washed with distilled water three times, re-suspended in distilled water, and centrifuged once again to collect the free lactic acid. The amount of lactic acid entrapped within the starch 
